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(54) MINUTE OPTICAL PART AND PRODUCTION THEREOF 

(57)Abstract: 

PURPOSE: To efficiently and inexpensively produce a minute optical part of high 
accuracy by applying the removal processing due to the irradiation with ions to the 
surface of a substrate having a hole preliminarily bored therein and using the 
surface shape of the substrate thus obtained as a master and transferring the 
master to produce the minute optical part. 

CONSTITUTION: When a minute optical part is produced, at first, a large number of 
hole patterns 120 are provided to the resist film 1 10 of a substrate 100 having a 
flat surface side by side and a large number of hies 130 are bored in the parts of 
the hole patterns 120 by etching. Next, the resist film 1 10 is removed and the 
substrate 100 is irradiated with an ion to apply removal processing to the substrate 
100. By this method, the respective holes 130 are formed into spherical recessed 
parts 140 and the spherical surfaces from the respective adjacent hole 130 are 
collated to form a shape composed only of spherical surfaces on the surface of the 
substrate. Continuously, the substrate 100 having the spherical shape formed on the surface thereof is utilized as 
a master and the shape of the master is transferred to plastic to complete the minute optical part. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The microoptics components which perform removal processing by ion irradiation to the 
substrate front face in which the hole or the slot was established beforehand, make a pattern the 
configuration on said front face of a substrate obtained as a result, and are characterized by imprinting 
and producing this pattern. 

[Claim 2] The manufacture approach of the microoptics components characterized by forming a hole or 
a slot on the surface of a substrate, producing the pattern which has the shape of desired surface type 
by carrying out ion irradiation of this substrate front face, and carrying out removal processing, and 
producing microoptics components by imprinting this pattern. 

[Claim 3] They are the microoptics components characterized by being what discovers a concave lens 
operation or a prism operation using the spherical surface formed by being the substrate in which the 
microoptics component was formed on the front face, and that microoptics component's forming a hole 
or a slot in the front face of said substrate, and carrying out ion irradiation of this front face, a cylinder 
side, an ellipsoid, etc. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a minute optic [ as / whose two-dimensional field which 

acts as a lens or prism is for example, less than Immphi ], and its manufacture approach. 

[0002] 

[Description of the Prior Art] Conventionally, the plate micro lens is known as this kind of microoptics 
components. A plate micro lens is produced on a glass substrate front face by the ion-exchange method 
(Journal of Applied Physics 20 L286-298 (1981) M.Oikawa). First, a metal membrane is put on a glass 
substrate, and a pattern is formed so that only a lens production part may carry out opening to this 
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metal membrane. Next, this glass substrate is held in an elevated temperature, and the ion in a glass 
substrate is exchanged for the ion in fused salt. Consequently, into a glass substrate, the field where a 
glass substrate differs from a refractive index is formed, and refractive-index distribution which 
discovers a lens operation can be performed. Thus, although the plate micro lens was produced, for that 
a lens raw material is glass, using the ion-exchange method for the making process, etc., cost cost 
dearly and there were problems, like productivity is low. Moreover, when a micro-lens array was 
produced, the field which does not carry out a lens operation in a micro-lens array formation field 
remained, and there was also a problem that the utilization effectiveness of light fell depending on the 
object for application of this micro-lens array. 
[0003] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is producing the 
configuration used as the pattern of microoptics components production on front faces, such as a glass 
metallurgy group substrate, and imprinting a configuration on plastics, glass, etc. from this pattern, and it 
is to offer a low cost microoptics component and its manufacture approach for high productivity while it 
enables various configurations and production of the microoptics components of the engine performance. 
[0004] 

[Means for Solving the Problem] About the microoptics components itself, this microoptics component 
performs removal processing by ion irradiation to the substrate front face in which the hole or the slot 
was established beforehand, and one means to attain the above-mentioned technical problem makes a 
pattern the configuration on said front face of a substrate obtained as a result, and is characterized by 
imprinting and producing this pattern. Moreover, about that manufacture approach, by this manufacture 
approach, other one means of this invention forms a hole or a slot on the surface of a substrate, 
produces the pattern which has the shape of desired surface type by carrying out ion irradiation of this 
substrate front face, and carrying out removal processing, and produces microoptics components by 
imprinting this pattern. Moreover, about the substrate with which, as for the means of further others of 
this invention, the microoptics component was formed in the front face, that microoptics component 
forms a hole or a slot in the front face of said substrate, and discovers a concave lens operation or a 
prism operation using the spherical surface formed by carrying out ion irradiation of this front face, a 
cylinder side, an ellipsoid, etc. 
[0005] 

[Function] If ion irradiation of the glass substrate which has irregularity in a front face is carried out and 
it carries out removal processing, in order that working speed may change depending on whenever 
[ incident angle / of the ion on the front face of a substrate ], the configuration which consisted of a flat 
surface, the spherical surface, an ellipsoid, a cylinder side, etc. appears in a substrate front face. This 
invention uses the knowledge that the concavo-convex configuration which functions as an optical 
element can be formed in a substrate front face by removal processing by ion irradiation, and creates 
the configuration which serves as a pattern on a substrate front face by the manufacture approach 
concerning this invention using the above-mentioned phenomenon. An optical function will be obtained 
by the imprint object if this pattern is imprinted. Being able to manufacture microoptics components 
cheaply according to this approach, the engine performance of the obtained microoptics components is 
excellent. Moreover, by other one technique, microoptics components are created with the substrate 
itself. In this case, the concavo-convex configuration which functions as an optical element is formed in 
a substrate front face of ion irradiation, and that concavo-convex configuration itself functions as an 
optical element. 
[0006] 
[Example] 

(Example 1) How to produce the pattern for a microlens array imprint which formed two or more 
crevices which consist of the spherical surface as an example 1 is explained. The making process of this 
pattern is shown in drawing 1 (a) - (d). In drawing 1 (a), it is the hole pattern which the front face formed 
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in the resist film the substrate whose 100 is a flat surface, and 1 10, and formed 120 in the resist film. In 
the case of this example, the quartz-glass substrate is used for the substrate 100. As a substrate 100, a 
glass plate, a metal plate, a ceramic plate, etc. can be used. Moreover, the hole pattern 120 is arranged 
at the same spacing as X and the direction of Y. The value of w will be made into about [ of the aperture 
of a microlens / 1/5 or less ] if the dimension of the hole pattern 120 is made into wxw. Although it is 
easiest to make the hole pattern 120 into a rectangle, it is good as for a round shape etc. Formation of 
the hole pattern 120 is performed using phot lithography, electron-beam lithography, etc. which are a 
well-known technique in LSI manufacture etc. the chemical etching using the etching reagent which 
uses HF as a principal component next, or CF4 etc. — the hole 130 of depth d is formed in the hole 
pattern 120 formation section of a substrate 100 by plasma etching using the gas used as a principal 
component. Then, the resist film 1 10 is removed. The condition of the substrate 100 at that time is 
shown in drawing 1 (b). In chemical etching or plasma etching, since etching of a substrate advances 
almost isotropic, the configuration of a hole 130 is a thing near the spherical surface. Next, ion 
irradiation is carried out to a substrate 100, and removal processing is carried out for a substrate 100. 
The configuration of the spherical surface is formed in the part of a hole 130 as removal processing 
advances. In addition, a hole 130 does not need to be close to the spherical surface, and even if it is the 
square hole, the spherical surface grows by ion irradiation. The situation is shown in drawing 1 (c). 140 is 
a spherical-surface-like crevice. If ion irradiation is furthermore continued, as shown in drawing 1 (d), 
the spherical surface from the adjacent hole 130 will collide, and a configuration which consists of only 
the spherical surfaces will be formed in the front face of a substrate 100. As shown in drawing 1 (c) or 
(d), the quartz-glass substrate which has the crevice which consists of the spherical surface is used as 
a pattern for a microlens array imprint. 

[0007] It is R=Ro+kt when the amount of clearances of the depth direction according the radius of 
curvature of R and the first stage to Ro and ion irradiation in the radius of curvature of the spherical 
surface formed in a substrate 100 is set to t here. (1) 

****** j s materialized, k is a constant decided with the matter and is k= 7 in quartz glass. Since 
chemical etching or plasma etching is used for formation of the hole 130 to a substrate 100, the relation 
of Ro =d is materialized mostly. Therefore, the radius of curvature R of the concave surface formed with 
the amount t of clearances is controllable. 

[0008] Below, as an example, a configuration is imprinted from a pattern to plastics and the pattern 
producing method for it is explained about the case where one side produces a flat surface and other 
fields produce the microlens array of a convex or a concave surface. The refractive index of plastics is 
set to 1.5. When it is the pattern for microlens arrays whose focal distance the aperture of each 
microlens is about 100 micrometers, and is about 1mm, wxw forms in a quartz-glass substrate first the 
hole whose d is about 3 micrometers by abbreviation 3micrometerx3micrometer. Next, by Ar gas 
pressure;1Pa and power;800W, ion irradiation is carried out to a glass substrate with RF sputtering 
system, and removal processing is carried out. Consequently, by the floor to floor time of about 35 
hours, radius of curvature serves as the spherical surface which is about 500 micrometers, and each 
hole uses this as a pattern. 

[0009] When it is the pattern for microlens arrays whose focal distance the aperture of each microlens 
is about 10 micrometers, and is about 25 micrometers, wxw forms in a quartz-glass substrate first the 
hole whose d is about 1 micrometer by abbreviation 1 micrometerxl micrometer. Next, removal 
processing is carried out with RF sputtering system by Ar gas pressure;1Pa and power;800W. 
Consequently, each hole serves as the spherical surface whose radius of curvature is about 12.5 
micrometers by the floor to floor time for about 50 minutes. In addition, arrangement of two or more 
microlenses is decided by the hole site first formed in a quartz-glass substrate, and the method of 
various arrangement is possible for it. 

[0010] (Example 2) How to produce the pattern for a microlens array imprint which formed two or more 
crevices which consist of a cylinder side and the spherical surface as an example 2 is explained. The 
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making process of this pattern is shown in drawing 2 (a) - (d). In drawing 2 (a), it is the rectangle pattern 
which the front face formed in the resist film the substrate whose 200 is a flat surface, and 210, and 
formed 220 in the resist film. In the case of this example, the quartz-glass substrate is used for the 
substrate 200. Moreover, the rectangle pattern 220 is arranged at equal intervals in X and the direction 
of Y, respectively. The value of w will be made into about [ of the aperture of the width of face of a 
cylinder lens / 1/5 or less ] if the dimension of the rectangle pattern 220 is made into wxh. Formation of 
the rectangle pattern 220 is performed using phot lithography, electron-beam lithography, etc. which are 
a well-known technique in LSI manufacture etc. the chemical etching using the etching reagent which 
uses HF as a principal component next, or CF4 etc. — the slot 230 of depth d is formed in the rectangle 
pattern 220 formation section of a substrate 200 by plasma etching using the gas used as a principal 
component. Then, the resist film 210 is removed. The condition of the substrate 200 at that time is 
shown in drawing 2 (b). Next, ion irradiation is carried out to a substrate 200, and removal processing is 
carried out for a substrate 200. The cylinder side is formed in the part except the ends of a slot 230, 
and the configuration of the spherical surface is formed in the part of ends as removal processing 
advances. The situation is shown in drawing 2 (c). 240 is a crevice which consists of a cylinder side and 
the spherical surface. If ion irradiation is furthermore continued, as shown in drawing 2 (d), the adjacent 
cylinder side or the adjacent spherical surface from a slot 230 will collide, and a configuration which 
consists of only a cylinder side and the spherical surface will be formed in the front face of a substrate 
200. It uses as a pattern for a microlens array imprint which constitutes a quartz-glass substrate as 
shown in drawing 2 (c) or (d) from a microlens which consists of a cylinder side and the spherical 
surface. In addition, the radius of curvature of a cylinder side and the spherical surface becomes almost 
the same. 

[001 1] Below, a configuration is imprinted to plastics from the pattern which carried out in this way and 
was produced as an example, and the pattern producing method for it is explained about the case where 
one side produces a flat surface and other fields produce the microlens array of a convex or a concave 
surface. The refractive index of plastics is set to 1.5. By about 100 micrometers, the width of face of 
each minute cylinder lens forms in a quartz-glass substrate first the slot whose d wxh is about 3 
micrometers in abbreviation 3micrometerx200micrometer, when die length is the pattern for microlens 
arrays whose focal distance is about 1mm in about 300 micrometers. Next, removal processing is carried 
out with RF sputtering system by Ar gas pressure;1Pa and power;800W. Consequently, by the floor to 
floor time of about 35 hours, radius of curvature serves as the cylinder side and the spherical surface 
which are about 500 micrometers, and each slot uses this as a pattern. 

[0012] By about 10 micrometers, the width of face of each minute cylinder lens forms in a quartz-glass 
substrate first the slot whose d wxh is about 1 micrometer in abbreviation 1 micrometerx90micrometer, 
when die length is the pattern for microlens arrays whose focal distance is about 25 micrometers in 
about 100 micrometers. Next, removal processing is carried out with RF sputtering system by Ar gas 
pressure;1Pa and power;800W. Consequently, each slot serves as the cylinder side and the spherical 
surface whose radius of curvature is about 12.5 micrometers by the floor to floor time for about 50 
minutes. 

[0013] (Example 3) How to produce the pattern for a microlens array imprint which formed two or more 
crevices which consist of an ellipsoid as an example 3 is explained. The making process of this pattern is 
shown in drawing 3 (a) - (d). In drawing 3 (a), it is the pattern for ellipsoid formation which the front face 
formed in the resist film the substrate whose 300 is a flat surface, and 310, and formed 320 in the resist 
film. In the case of this example, the quartz-glass substrate is used for the substrate 300. The detail of 
a pattern 320 is shown in drawing 4. A pattern 320 is the dimension of each part, as it is the form where 
three rectangles were piled up and shown in drawing 4 w1, w2, w3, hi, h2, and h3 It expresses and is w3 
<h3. It carries out. A pattern 320 is w3. It designs so that it may become about [ of the minor axis of an 
ellipse / 1/2 or less ]. Formation of a pattern 320 is performed using phot lithography, electron-beam 
lithography, etc. which are a well-known technique in LSI manufacture etc. the chemical etching using 
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the etching reagent which uses HF as a principal component next, or CF4 etc. — the slot 330 of depth 
d is formed in the pattern 320 formation section of a substrate 300 by plasma etching using the gas 
used as a principal component. Then, the resist film 310 is removed. The condition of the substrate 300 
at that time is shown in drawing 3 (b). Next, ion irradiation is carried out to a substrate 300, and removal 
processing is carried out for a substrate 300. The configuration which consists of an ellipsoid is formed 
in the place of a slot 330 as removal processing advances. The situation is shown in drawing 3 (c). 340 is 
a crevice which consists of an ellipsoid. If ion irradiation is furthermore continued, as shown in drawing 3 
(d), it will become the configuration which the ellipsoid from the adjacent slot 330 collided with. It uses 
as a pattern for a microlens array imprint which constitutes a quartz-glass substrate as shown in 
drawing 3 (c) or (d) from a microlens which consists of an ellipsoid. 

[0014] Below, a configuration is imprinted to plastics from the pattern which carried out in this way and 
was produced as an example, and the pattern producing method for it is explained about the case where 
one side produces a flat surface and other fields produce the microlens array of a convex or a concave 
surface. The refractive index of plastics is set to 1.5. By about 60 micrometers, a long focal distance by 
about 100 micrometers About 180 micrometers, [ the major axis of each minute ellipse lens ] [ a minor 
axis ] When it is the pattern for microlens arrays whose short ********** is about 1 20 micrometers, 
first, w — the w 2 = 6 micrometer w 3 = 10 micrometer h 3 = 70 micrometers 1 - 2-micrometer pattern 
320 is formed in the resist film, and it forms by the approach which mentioned above a slot where depth 
d becomes 10 micrometers in this condition at a substrate 300. [ h 1= 10 micrometer ] [ h 2 = 40 
micrometer ] After removing the resist film, removal processing of the front face of the quartz-glass 
substrate is carried out with RF sputtering system by Ar gas pressure;1Pa and power;800W. 
Consequently, the configuration to which a major axis and the radius of curvature of a minor axis use 
each slot for a pattern by becoming an ellipsoid (about 90 micrometers and about 60 micrometers), 
respectively by the floor to floor time of about 3 hours is acquired. 

[0015] (Example 4) How to produce the pattern for a minute prism array imprint in which two or more 
configurations of minute prism were formed, as an example 4 is explained. The making process of this 
pattern is shown in drawing 5 (a) - (b). In drawing 5 (a), it is a pattern for producing the minute prism 
configuration which the front face formed in the resist film the substrate whose 500 is a flat surface, 
and 510, and formed 520 in the resist film. In the case of this example, the quartz-glass substrate is 
used for the substrate 500. The pattern 520 is constituted from three kinds of straight-line patterns by 
which directions differ, and it is carrying out pattern formation so that the field which three kinds of 
straight-line patterns surround may become an equilateral triangle. Formation of a pattern 520 is 
performed using phot lithography, electron-beam lithography, etc. which are a well-known technique in 
LSI manufacture etc. the chemical etching using the etching reagent which uses HF as a principal 
component next, or CF4 etc. — the slot of depth d is formed in the pattern 520 formation section of a 
substrate 500 by plasma etching using the gas used as a principal component. Then, the resist film 510 
is removed. Next, ion irradiation is carried out to a substrate 500, and removal processing is carried out 
for a substrate 500. The configuration which consists of a cylinder side is formed in the place of said 
slot as removal processing advances. If ion irradiation is furthermore continued, as shown in drawing 5 
(b), the cylinder side from three adjacent slots will collide, and the triangular pyramid-like minute prism 
configuration where the side face consisted of a part of cylinder sides will be formed in the front face of 
a substrate 500. 540 is the minute prism configuration of the shape of one triangular pyramid. A quartz- 
glass substrate as shown in drawing 5 (b) is used as a pattern for a minute prism array imprint which 
consists of minute triangular pyramid-like prism. 

[0016] Below, a configuration is imprinted to plastics from the pattern which carried out in this way and 
was produced as an example, and the method of producing the pattern for it is explained about the case 
where a minute prism array is produced to plastics. First, as drawing 5 (a) explained, the straight-line 
pattern 520 with a width of face of 2 micrometers is formed in the resist film 510 so that die length of 
one side of an equilateral triangle may be set to 10 micrometers. It forms by the approach which 
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mentioned above the straight-line-like slot whose depth d is 2 micrometers in this condition at the 
substrate 500. After removing the resist film, removal processing of the front face of the quartz-glass 
substrate is carried out with RF sputtering system by Ar gas pressure;1Pa and power;800W. 
Consequently, the configuration of the minute prism of the shape of a triangular pyramid as shown in 
drawing 6 by the floor to floor time for about 18 minutes at the place where three cylinder sides which 
each slot serves as a cylinder side whose radius of curvature is about 5 micrometers, and approach 
collide is acquired. This is used as a pattern. 

[001 7] Although the straight-line pattern is arranged in this example so that these **** field may 
become an equilateral triangle, it is possible with a well-known technique to form a straight-line pattern 
so that it may become the polygon of other triangles, a square, a pentagon, a hexagon, etc., and the 
minute prism configuration of the shape of a multiple drill other than the triangular pyramid explained by 
this example can be produced. 

[0018] (Example 5) By the manufacture approach of the microoptics components by examples 1-4, 
microoptics components are manufactured by imprinting a prototypal configuration to plastics etc. By 
the way, imprinting a configuration from such a pattern to plastics etc. is already carried out by 
manufacture of the record for music, manufacture of an optical magnetic storage disk, etc., and it is a 
well-known technique. In addition, it can also imprint on glass. As one means for this, the pattern for an 
imprint is created with a metal plate. And the metal pattern is heated and a glass plate is pressed. If it 
does in this way, a prototypal configuration can be imprinted on a glass front face. The pattern for a 
configuration imprint is created in the above examples 1-4. It can replace with this method and the glass 
substrate which performs removal processing by ion processing can also be used as microoptics 
components as it is. In this case, the configuration formed by ion processing functions as an optical 
element. Moreover, although how to produce specific dimension and configuration as an example was 
shown, the microoptics components which have various configurations, a dimension, and the engine 
performance are producible by changing the configuration of the hole beforehand formed in the 
substrate front face which carries out removal processing by ion irradiation, or a slot, a dimension, a 
location, etc. 

[0019] Moreover, in the examples 1-4, in order to carry out removal processing by ion irradiation, RF 
sputtering system is used, but if ion is ion processing equipment which carries out incidence almost at 
right angles to a substrate front face, it can use similarly. Moreover, although the pattern is produced on 
the quartz-glass substrate front face, ceramic substrates, such as metal substrates, such as other glass 
substrates or aluminum, iron, and copper, an alumina, and a zirconia, etc. can be similarly used as a 
substrate for it. Moreover, in case a pattern is imprinted, the optical glass other than optical plastics can 
also be used. 
[0020] 

[Effect of the Invention] Since the configuration used as a pattern is produced using the property of 
removal processing by ion irradiation according to this invention when manufacturing microoptics 
components as explained above The spherical surface, an ellipsoid, a cylinder side, etc. can be formed in 
high degree of accuracy. Moreover, a dimension a microoptics component 1mm or less easily And 
various dimensions and the engine performance can be given and produced, further, since microoptics 
components are formed in plastics etc. by imprinting from a pattern, productivity is high and the 
microoptics components manufacture of it is attained by low cost. Moreover, also when using the 
substrate itself as an optic, the configuration precision of the front face is high, and the optical element 
of high quality is obtained. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The making process of the pattern for a microlens array imprint which consists of a 
spherical lens. 

[Drawing 2] The making process of the pattern for a microlens array imprint which consists of a cylinder 
side lens. 

[Drawing 3] The making process of the pattern for a microlens array imprint which consists of an 
ellipsoid lens. 

[Drawing 4] The pattern for forming an ellipsoid. 

[Drawing 5] The making process of the pattern for a minute prism array imprint. 

[Drawing 6] It is minute triangular pyramid-like prism. 

[Description of Notations] 

1 00,200,300,500 .... Substrate 

110, 210, 310, 510 ... Resist film 

120 ... Hole pattern 

130 ... Hole 

140 ... Spherical-surface-like crevice 
220 ... Rectangle pattern 
230 330 ... Slot 

240 ... Crevice which consists of a cylinder side and the spherical surface 

320 ... Pattern for ellipsoid formation 

340 ... Crevice which consists of an ellipsoid 

520 ... Pattern for minute prism configuration production 

The minute prism configuration of the shape of 540...1 triangular pyramid 



[Translation done.] 
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*S£ftt0JT£. C©SCS!©ff»XSSIBlH (a) ~ 
(d) fcjft-J-. IB IB (a) KfeUT, 10 013SW 

lOOiLTlW^xS. &II1K. t7Sy^S*Sl 
Ii5ui*«rf5. *-JW^->12 0SX. 

Y^[pJt:|5|i;KPSTEgLTl'^. *-;i//^->12 

©l/5HS£AT<h-r-5o *-^^->12 05M 

-;i//1^-> 12 0 ©^fig«. L S I 8&&£lC&V>T 
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9. S«l 0 0©*-;i//1*->l 2 OMf&fflZ&Zd 
<DK 1 3 0 &Ml$.-?Z>o -^©^ 1/yXhll 1 0 £Rfc 
S-f-So -?-©£:#©S4£l 0 0©#<i£Sf!l m (b) tc 

jiy?>?/tfmmjj&)\zmfi-rz>rz)sb, ni 3 o©i> 
\z-i*>m%n,T. a«i 0 osrG&icjjDi^-rs., 

JPI^jlfT-rSfCOnT, 7X1 3 0©gB#iCJ$ffi©^tt 
/^jSSttTtK. 3 O^ffilCjfi^^OT* 

Zi&mtti. < . o 7c7tT*£ o T *K ^ WI' J: i 
T^ffi^fitT($<. -^©^H^lfi 1 0 (c) iC^ 
1". 1 4 0HS£®tt«IH]S&T-;&£o $ :*>iSW£ 
SIB (d) \ZK-t&t\Z. PD^ofc^l 

3o^e.fflW^o*D, isioo«)Siiiit 

(c) £7cl4 (d) {C^bfcJ;^}'. «®^£>ft£IHlg|$ 

to 0 0 7] m&i 0 o\zMf8.-znz>mm<D& 

S=S7jfi©R£5feft£ t £f &<t. 
R = R 0 + k t ( 1 ) 

5M7XT11k=7f$^ »«1 0 O^COT^l 3 0 
©IM£f;:ft^X^>X*ifc3l>t4X^XVX>y^>^£ 
ffl(^T^3©T\ R 0 = d©Mfil;^«&fi£Srr5. L7c 

[0 0 0 8] McteWtLT. IMSiO^Xf 

v2\zMVl$:&^l,. frE^¥®. «l©E#£iffifc.2>^ 

m&i. 5 tlrz. &WLfru>x<Dn&&mi o o u 

m, ffiAEJBtftt 1 mmt*fe5Ml/>X • 7 W-fflU 
5«©t§3\ £-f, wXw^3(xmX3/imT'd^3 
wm©7\£5^#7XX«IC^firt3. o^c, Ar# 
Xffi ; 1 P a. A7- ; 8 0 0 WTR F X/1 y 5>mW\Z 

£vji?xmmiz'(*>mmvT&3ktox-?%. ^©as 
®3 smmnmT.mffliz^'o, &ftiz&m¥®tf® 

5 0 0 ummmttlK). cn^gStLTffl^li. 
[0 0 0 9] &{S/M/>X©n&^l 0 wm, 
8f£#3Q2 5 ttmTS5»M/>X • 7 ffljggy©*! 
£\ wXw»l(iraXl/imfd»l«m© 
7t^5^^^7.a«II^J5£T^>. -3#*tC. Ar^XE; 
1 P a. ^«7— ; 8 0 0 WTR F XA-y ^gjfiKJ; 0 Rfc 

^ttftsp^g^tt 1 2. 5/im©«ItS5. fcfc, 1ft 



(3) 

[0010] «S£0*J2) Hffi«fiJ2<hbT, RgjBtl* 

8^2i (a) ~ (d) \ZtkT. I2i (a) Icfet^ 
T, 2 0 0l«ffi^¥Itfe5SE 2 10IJl/yXh 
R, 2 2 0f4WvX bmzM3LLtz&j5Bn5>->T'$> 
-So **lfi«©*^, S«2 0 0Kt453S#^XX}K£ 

0©i-ft5:wXhit5t, wCDMttRfti U>X*©ipS© 
PgWl/SggKTttl!. SM/^->2 2 0© 
L S I «it3S:£C*^T«»©a«T?*a*h 

fc*Xy^>if, **W4CF4 «**±fifc#£-r*#X 
Sffl^fcX^Xviy^^fCtD, *«2 0 0©S7j 
J^/t^->2 2 0^££SS(Cg|l£d©«2 3 0«t 
20 S. ^©^. l/yXMS2 10^St5, ^©£#© 
»2 0 0©«Mf 21 (b) fcST. -o£\z. mw. 
2 0 0K:-f*>BHa*UT, S«2 0 0£B&*jjDI£-f 
5. »*JOX*«JifTf att3nT» iS2 3 0©M^i 

<«»tn«®**, Mi&w&Mz&mowvttiWtfLzn 

TU<. ^©8B^fS2l2 (c) IC^To 2 4 0IJRg 
St. S2i (d) ir^-Tck^tr, »D#T3fc»2 3 0 

so fiK^n^o S2i (c) (d) lC^LfcJ:5&5 

[0 0 11] O^'SC. HfrffiltbT. u©<t9tLT(t 

mvtzmm^D^^^ypizm^m^-v. Kwtw 

U>X©(g*<*«J 10 0 (tmTfi$^3 0 0 (iraT, * 
40 ^EK^iKl 1 mmT»Wl/>X • 7 U-«JSS!©« 
wXh/J5»3MmX2 0 0«mTd^3/i 
m©«^5^^^7.S«tC^Bg-r^o ^^{C, Ar^X 
IE; lPa, /t>7- ; 80 0WTR FX/t-z^^gtCj: 
D^SJnxrs. -trois*, ^3 5Btr^©iniB$r^tc± 
t). ftj»J4ft*¥S**»5 0 0 ym©Rfi5S«i:^Bi/ t s £ 

[0012] ^«/hn«u>x©«*«» i o urn-ess 

jWSJI 0 0 (imT, jiAKfS*^2 5 umTfe-S^/hU 
>X-71/-fflSI©«^, J-f. wxhffll/imx 
so 9 0 #mTd*«*m umOjB*5*^5X*«C»j«-r 
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-5. Og\Z. A r #7.EE ; 1 P a, ; 8 0 OWT 

o ft<Dtoxmrn\z& o . sffittrnm^mrf® 12. 5 tf 

m CD n M ffi 1 1* ffi t & £ . 

[0013] mmm3) mmM3tvx, mnwfrz 

3m (a) ~ (d) \Z^?o m3M (a) tC&I^T. 3 
0 OtegffiT^fflT&SSIg. 3 1 Ottl/yX hJ8l, 3 

**^joo^^, »g3 o otctee^tf^xs^ 

ffll>tt>5. /1*->3 2 0<DmM*Wi4miZ*kT. 
$>->3 2 0«HO©ft7j^£M*a£b*fc^Tr&0, 
&U<»^&$:W.4:mZ7rcr£.o\Z. w!« W2 . W3 » 
hi , h2 > h3 TSU W3 <h3 -f£„ M°^ — >3 
2 011 W3 *>^iR©&g©l/2ggJKT<h&3J:5 
ICtSft-r^. /t^->3 2 0©pfi£«. LSlMifi&i: 

>^(CiD, **3 0 0©/^->3 2 0J£fi)tg|$KiS£ 
d0l3 3O«T5. -fffl^, l/yXM3 10 5: 
Bfc*-f3<. -?-©<hi*©S«3 0 0©#C?i£fg3ia (b) 
K^T. O^'lC, Sffi3 0 Oi'-f t>,TOLT, *«3 

0 o£Rfcicini£-3-3o ^SiPi^jtfT-r^^onx, 

«3 3 0©<t£3fCffiRffi7^&£jem#^&£nT^ 

<c ^<Dm^^3m (c) tc^-r., 3 4 
"=.&3iH]gi$T&3„ zziz^Ttymazwmzt, 13 

H (d) \Z^?£o\Z. PD^ofci»3 3 0 7>£>©«IR 
S*^^^ofe ( t5^^«lC^^. I3i (c) 
(d) (C^Lfc t fc'5^S^57.K^*, «R®7^«~>& 

[0 0 14] t^K, m#MtLT, I0J;5l:Lt^ 
mLtcm$U:<0 77^y?lZ&Vl$:m^L. KffitfW- 

u>x«gg*^ 1 0 0 um-em'mtfme o timf, g 

il,&3§gt7>**<J 1 8 0 urn, ©ftiL&Sggft^ 1 2 0 Mm 

2 (im, W2 = 6 Mm, W3 =1 0«m, h j= 1 0 u 
rru h2 =40«m, h3 = 70 um<DAi? — >3 2 0 

&ui;xhmizMf&L, z.<Dwm-?mm3 0 oizmzd 

^Ar^ll ; 1 P a, ; 8 0 0WT*RFX/17 



(4) 
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9 0 /zmt^6 0 wmWffiRffitftO. HCSHCflH^^ 

[0 0 15] (*i£0<J4) 3iJ5£0iJ4<!:UT, flgt/hX'JX 
A©im£»8MI^£L7c«$/hX'JXA • 7l/-E?ffl 

S5i (a) ~ (b) tC^To (a) fc&t^T, 

5 0 0«gffi^¥ffiT&3««, 5 1 QteUVXhWi, 
5 2 Ottl^X bKlC^J&Lfc^/hXUXAffim^feSi 

TZ>tzlib<DA-5'->T'$>Z>* #jUS#l©*i^ *K5 0 
10 0tCtt5^^7;B^Srffl>iT^^„ /^->5 2 0te 

Tjl^^Wi-S 3a^<DE^/^->T«^LT*3D, 3 

a«coB^/i ^ - >timtsmmtfiE=m m\zu z>£?\z 

/^->MITH5. ;^->5 2 0OM(t LS 

x. ab5^iJCF 4 n*M7>tt5^^ffl^fc7"7 

Xvx^^XKckD, Sffi5 0 0CO/^^->5 2 OJg 
rfLmzmUdaffiZMtfl-rz,. -^©&, l^yXMSl 
20 0£Bfc*-f-5. -D€\Z. 0 0lC-f^>fi^ttLT. 

SS5 0 0 £&£3cJni£-r-2> <> ^Jax^jtfr-r^fco 

nx, mm<»tz.?>\zv]famfrt>uz,M®.tim)&t£ti 

T^< 0 ;f>!S?!tt£^tt&<!;> (b) \Z 

J: 5 m D o 3 z> (Dffifr £> CD R A ffi ^ 
D> **5 0 0CD^ffiiC«, «ffi*»niSffi©-WT*« 

snfcHAHttoiR/h^uXA^tt^jsgsn*. 5 4 

(b) KjSLfc«k3fc5£#5*«*£. H^ffit(ccD^ 
[0 0 16]^^*tC, ^#«tLT, CO«t3fCUTfP 

(a) TfKWLfc<t5lC, JE=ft»0-a©fiS*«l 0 
/zm{r^i-&<t-5tli|)i2 MmCDil^/'l^ — >5 2 OSrU'v 5 
XhBi5 1 0fcMt4. d©tt!BT?*«5 0 OKiSS 

« A r ; 1 P a. /W— ; 8 0 0 WTRFX/ty? 

S«t:J:OI**Jnx-r*. ^co^*, *«j l 8 frcoijamt 

[0 0 17] *mfi«Ttt. aii/t^->S:-?-n^Htr 
««*«]E=ft»Ktt*J:piB«UT^**«, ^©ffi©H 

so 0. *3MtfllTK9!Ufc=A*«no*A««<0*/hy 
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[0018] (H«S«5) H!fifif!ll~4Jrj:*«/jN3t* 
gBp D p©§!!jg#f£T"«, SfiO»«*^5^fy * ft £K 

[0 0 19] *fc, HJfi«l~4Ttt-f *>flB«*T»* 

>3&t»g*isffcs«sa[fcAifr6-f*>iioi8i«-c*. 

[0 0 2 0] 

jg-r « ±THca t ft * HH* £ a * >mm 



20 



30 



8 

E, WHS, pmffifc£*iM»«lCtfj«T*, l/*t>, 

e> fe^T -5 C t \Z <fc o T X 7 7. ^ 2 ft i* 
^gBp a p£^fig-f3©T, £*tta«EK, ffiaxbTSS 
/J^^p D pSjt^nr^<l:ft-5„ £7cX«g&£ft#a$ 0 D p 

;« p d p Jt ©ft**?*** b n 5 o 
[0®©«¥ftiK^] 

[01] »®W>X*»6ft*«/hU>X- 71/-fe?ffl 

KSJ©fe$sxg. 

[0 2] H1lSiBU>X35»6ft*fR/hU>X' 
[0 3] ttnffiU>Xj&»6ft**/M">X • 7H 

[04] «nffi*»*-r-sfc«>o^^->. 

[0 5] «/J\X'JXA • 7 U-ffc^mMM<DttMTm. 
[0 6] Hft««©»/hXUXAT*<5. 
[f^©B&3H] 

100, 200, 300, 500 - • • • £« 
110, 210. 310, 510 - • • 1/yX hl@S 

1 2 0 • • • •fc—)vn? — > 

1 3 0 • • • K 

i4o- • • nmvioym^ 

2 2 0- • • &%Wl9-> 
2 3 0, 3 3 0- • • m 

2 4 0 • • ■ RttBfiJfciBa^fcsiatt 

3 2 0- • • npm&&mrt9-> 

3 4 0- • • «nffi*»6ft*IH« 
5 2 0- • • «/hXUXA»*f^Hffl^3'-> 
5 4 0 • • • -t>©=ft*tt©a/hXUXA»« 



[04] 



[0 6] 
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